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ACOqHJAl{lfJA HA EJlEMEHTIfTE BO OJIOBHO-lJ,WHKOBOTO 

HAot AJUflllTE r OJIEMA PEKA (PY~ "CACA") 

MaPHH AJltl(CaJIAPOB- M TOllop Ctpa!flHIltOBCKHu 
.PyWIHIUI "Caca" - M. KaMtJ1I1l1,a 
uPYJUlPCKO.rtO.IIOWKM tal<Y.IITCT- IUTHn 
AI>CTPAKT 
Bo TpynoB ce npHKa>KBHH pe:lynT811ITe OIl liajHOOHTC na60paTOpHCKH HcnHT)'B8J.b8 Ha 
MOHOMrlllCpanllH npo6H Oll raneHl1nt, C4jlancpHTI1, lIaJlKOnJolPHTH H nHpHTli Oll li3of'anHUlTc­
TO roneMa PeKa. HCnHT)'B8H08T8 ce H3apUlCliH CO HHCTPYMCHTaJlII8 HCYTpoHa 8KTHB8UHj8 H 
8TOMCKa ancopnUHja, a 1l06HCHHTe PC3YJTTaTH ce CO 38JJ,OaOnirrenH8 TO'IHOCT. 
n OB EJl 
OnOBHO-UHHKOBOTO HaOraJIMWTe rOneMa PeKa BneryBa BO COCTaeOT 
Ha OCOroBCKMOT py.neH peoH, O.nHOCHO TOa e nOKanH3KpaHO BO jY)l(HHTe 
.nenOBH Ha py.nHOTO none Caca TIpBKTe nocepM03HM no.np06HH MCTpa)l(Y­
BaHKl Ha OBOj py.nOHOceH nOKanKTeT ce 3anO'IHaTM BO TeKOT Ha 1971 ro.nMHa 
M co opoMeHnMB HHTeH3MTeT THe ce Bpw eHM cC .no 1981 roJlHHa, rora 
py.nHMKOT 3a 0PB naT e nynrreH BO np06Ha eKcnnoaTauuja. 
OCHOBHHTe MI1HepanOWKH, CTPYKTYPHO-reoJlOWKH H MeTanOn> 
HeTCKH KapaKTepMCTIfKH Ha H30r311HWTeTO roneMa PeK3 ce npe3eHTHp3HH 
BO Tpy.nOBI1Te Ha \"optEBHK (1972). AIlEKCAJIJlPOB H roroEBCKH (1972). 
AJIEKCAHJlPOB H ByqJ(OBCIGI (1974), A.JlEJ<CAHJlP0B M.np . (1975). rorOEBCKH 
H AJIEKCAH}lPOB (1983), AIlEKCAHJlPOB (1992) H .np. O.n reoxeMMCKH aCDen, 
OBa HaOraJIHWTe e cna60 npoyqeHo. HMeHo, OCBeH cnpoBe.neHHTe cneK­
TpanHH HcnMTYBaJb3 o.n CTpaHa Ha JlEHKOBCKH H XAUHTlETPYIIIEB (1975), BO 
.nocerawHHoT TeK He ce BprneHH no.np06HM na60paTopHCKl1 HCnl1TyaaJ:ba 
co HeKOH o.n COBpeMeHHTe reoxeMHCKH H cneKTpOXeMlICKH MeTO.IlH. 
Co HajHoBMTe n a60paTopMcKM Mcn MryBaH>a e HaopaeeH 06M.n .na ce 
OCOJHae reoxeMHcKsra aCOUI-fjauHj a Ha eJleMeHTHTe 80 aaot anHWTeTO ro­
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neMa PeKa H na ce YTBpnH nHcTpH6YUHjara Ha eJleMeHTHTe BO OnnenHIITe 
MlIHepanH H MHHepaJIHH BHJlOBH. On THe coo6paIKeHl1ja, HcnHTyBatbaTa ce 
H3BpllJeHH Bp3 cepHja MOHHMHHep31lHH np061i on Haj33cTaneHHTe cYJl­
<PHJlHH MHHepaJJH BO onOBHO-UHH KOBHTe napareHe3H on HaOraJ1J1llJTeTo. 
Co cnpoaeneRHTe nonp06HH Jla60paTopHcKH HcnHTYB8J-ba Ha MOHO­
MIiHepaJIHH np06H on HaOraJTHIlJTeTO rOJleMa PeKa ce oncpaTeHH r Jl3BHO 
Haj3acTaneHHTe cYJlcplinHH MMJiepaJIlI, H Toa: ranel-HfTH, C<p3JlePHTH, OH­
pHTH H X3J1 KO n HpHTH. np06HTe ce 3eMeHI1 KaKO penpe3eHTaTliBHl1, non­
P06H O ce npe'fHcT)'lf3HH H KOHTpOllHpaHH Ha 6HHOKY Jlap. I1cm1T)'B3H.aTa 
ce BpllJeHH co HHcTPYMeH T3JlHa HeYTpoHa aKnlBaUHja H 3TOMCKa an­
copnUHja, a n06HeHHTe pe3YJlTaTH 3a H3jr OlleM 6poj on aHaJJHJHpaHHTe 
eneMeHTH KOIIHUHnHpa3T. 
Pe3ynTaTHTe on HcnHTYB3H>3Ta Ha He)'TpoH3 3KHIB3UHja Ha MOHOMH­
HepaJJHH np06H Ha raneHHT, c<paJIepHT, nHpHT H XaJIKOnHpl1T ce rrplll<aIKa­
HH Ha Ta6ena I. 
TAEEJIA I COIlp >KHHa lIa enC!I1CHTllTe 80 OJllleJIHIrre CYJIIII~1!1I1H MHHepaJ1 H 011 
lIaotallHllITCTO rOllCMa PClCa (80 rtf) 
TABLE. I Content of clements in individual ulphide minerals fonn Golcma Reka deposit (in gIl) 
Pen. 
6poj 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
ll. 
12. 
13. 
14. 
15. 
J6. 
J1OKaU~tja E Jl e M e 1\ T H 
113 np06HTe Au Ba Cd As Sb Fe% Zn Co Ag Se 
1033-0 < 0.003 - - - 482.0 0.01 - - 628 47.0 
1033-20 <0.003 - - - 209.0 0.11 66 - 602 35.0 
994-0/6 <0.003 - 82 - 246.0 - - 0.3 433 -
994-9 <0.003 
- 110 - 298.0 0.04 265 - 570 14.6 
994-18 0.052 - 125 - 278.0 0.03 2897 - 470 18.5 
994·27 <0.003 -
-
110.0 - 2390 - 264 14.6 
1033-0 <0.003 - 13370 - - 1.5 594117 6.~ - -
1033·20 < 0.003 - 9470 - - 5.2 5765J5 60.0 - -
994-0/6 <0.003 - 7170 JQ9 1.4 7.7 510926 342.1 22.4 -
994-27 <0.003 - 9095 - 11.4 4.0 601560 185.0 - -
994-0 <0.003 - - 352 2.5 52.7 7320 2.6 - -
994-18 0.664 - 85 3730 5.5 50.6 9843 17.:3 
- -
994-27 0.346 
- -
5480 36.3 51.1 2180 22.4 58.5 15.2 
1033-20 <0.003 - 33 
-
3.6 33.6 4682 35.3 725 -
994-0/6 0.009 - 284 - 61.2 34.4 8158 66.4 638 -
994·9 <0.003 - 57 - 78.8 33.8 5160 4.7 519 -
HAIIOMEHA: np06HTe Oll! 110 6 ce rnIleH~ITH Oll 7 no 10 - c«ftaJlepHTIt. olin .no 
13 ­ nlipHTH, on 14 1I0 16 ­ )laJJ1(OnHpHTH_ 
AW.IJ1H3HTe ce pa60TCHH DO Jla60paTOpitjaTa H3 K OMHTeTOT no reOJloruja - COljlHja, 
"leTOna: Heyrpolla aKTl103Ulfja. 
M. Alcksandrov T. 
On 
BpCKa co apceHoT, KOj 
0.54% As, H Ha 
eneMeHTH noce6Ho 
onHOCHO OTKOra Ke ce 
ancopnuHja Ha 
Co HCnHTYBali>3Ta 
MOHOMHHepaJlHH np06H 
TH, HO 6pOjOT Ha HCnH' 
HaenHO OB03MOIKYBa H31 
OBHe HcnHTYBaH>a ce H3B. 
HaotaJlHllJTeTO rOJleMa ] 
pa3nH'fHH reHepaUHH, a 
II. 
On npHJlOIKeHaTa 1 
TH e YTBpneHa acoUHjaUl 
BaKOB THn Ha HaotanHU 
conpIKHHH. OBa OCo6eHO 
THBHa BpcKa co onOBOTO 
aHTHMOHOT, CeJleHOT H n 
cpe6poTO nOKaIKYBa ene 
cOnpIKHHH (on 300 no 551 
BO raneHHTHTe on XOpH3 
OnaT H no 2000 r/T. Bl 
KOHueHTpaUHH Ha cpe6p 
KaKO cnY'faj ce nOTBpnyB 
nHllJTa (PA,UOCABJ1EBHK I­
5 M. Aleksandrov T . Serafimovski: Asocijacija na elemenlite 
OD. npl1nO)f(eHaTa T a6eJJa 1 ce r neAa .neKa BO cine HCmlTYBaHH 
MHHepaml e perHcTpHpaHO npr1cYCTBO Ha 3naTo, npH WTO 3a npB naT 3naTO 
e KOHCTaTnpaHO H 80 raneHHTHTe }I Dl1pHTHTe on OBa HaohulHWTe, nJTO 
ceKaKo npeTCTaBYBa 3Ha'laeH MOMeAT 80 HaTaMODJHaTa nOCTanKa 3a eBeH­
TyanHan BaJlopH3auHja Ha OBOj MeTan. OD.ne noce6HO Tpe6a na ce HCTaKHaT 
COnp)f(HHHTe Ha 3naTO BO m1pHTHTe (Ta6ena I, aHaJTI1311 12 H 13), KOl1 ce 
nBH)f(aT on 0.340 .no 0.660 r/T H HHBHSTa BepojaTHo 6J1l1CKa KOpenaTIIBHa 
BpcKa co apceHoT, KOj 80 THe rrp0611 ce JJ.Bll)f(H DO IDfjana30H o.n 0.37 .no 
0.54% As, H Ha ceneH, KOj e 3acTaneH, co oKony 15 r/T. OD. npynrre 
eneMeHTH noce6Ho Tpe6a Aa ce HCTaKHaT BHCOKHTe CO.aP)KlIHH Ha Ag BO 
r3neHHTHTe H Xa.J1T<ODHpHTI-ITe, KaKO '" Ha Sb H Sc HCTO TaKa BO raneHliTHTe, 
noneKa BO ccpanepHTHTe e pemCTp HpaHO JrOneMYBali>e Ha Cd, Fe H Co. 
feoxeMHcKHTe onHOCII Aa onemiHTe THnoJ\olOpcpHH eneMeHTH H eneMeHTlI­
Te npHMecH n onp06Ho Ke 6HJJ.aT KOMeHTHpaHH BO RaTaMOllIIDiOT nperneA, 
O,llHOCHO OTKora Ke ce H3HecaT peJynTanlTe on I-ICmiTYBaH>aTa co aTOMCKa 
ancopnunja Ha ropeHaBenemrre MIlHepanlJ. 
Co IlCIlHTYnaH>aTa Ha aTOMCKa ancopUllja ce JacpaTeHI1, HCTO TaKa, 
MOHOMHHepaJIHl1 np0611 Ha raneHHTH, ccpanepHTH, XanKOlTlfpJlTll n nHpll­
TH, HO 6pOjOT Ha HcnHTYBaHHTe npllMepOU~1 e 3Ha'lHTenHO DoroneM H 
Hae)lHO OB03MO)f(YBa HJOneKYBaH>e Ha nOKoHcTpyKT~iBHH 3aKnYliOUH. Co 
OBHe HCnJITYBal-ba ce HJBplUeHH aHanH3HpaJba Ha 35 Ilp06u Ha raneHI1T o.n 
HaotanHWTeTo foneMa PeKa, 3eMeHH on pa3nH'IHI1 HHDOa, py.aHH Tena H 
pa3nH'IHH r eHepaul'US, a n06HeHHTe pe3ynTaTI-I ce IlpI1Ka)f(aHH Ha Ta6ena 
II. 
On npHnO)f(eHaTa Ta6ena IT ce r nena neKa BO HcmrrynaHllTe raneHH­
TH e YTBpneHa acoUHjaUlIja Ha Haj3a'lecTeHIITe eneMeHTH 3a raneHIlTlf on 
BaKOB THIl Ha HaotarutlUTa, o.n KOH HeKOH ce janYBaaT H co JroneMeHH 
COnp)f(HHH. Ooa oco6eHo ce OD,HecyBa 3a cpe6poTo, Koe e BO TeCHa Kopena­
THDHa BpcKa co onODOTO, a o.n eneMeHTHTe npH.D.PY)f(HHllli co 6H3MYTOT, 
aHTHMOHOT, ceneHoT 11 np. Bo HajroneM nen o.n HCmlTYBaHHTe np liMepoUH 
cpe6poTo nOKa)J(ysa eneH KOIITHHy"paH TpeH,n DO nornen Ha HerOBIlTe 
CO)lP)f(HHH (o.n 300 .110550 r/T), a o,llpenelul oTcTanynaH>a ce perncTpJlpaHH 
BO raneHHTHTe o.n XOpHJOHTOT 994-9, Ka.ue liTO COnp)f(HHI,:re H3 cpe6poTo 
O)laT H .no 2000 fiT. BaKBHTe O.nHOCH ce peJymaT Ha npOMeHJ1I1BIlTe 
KOHueHTpaUHH Ha cpe6po BO paJnH-tHHTe reHepa1UUI Ha raneHllTlne, lUTO 
KaKO cnyqaj ce nOTBp.ayBa H Kaj raneHHTH 0.11 paJnH'fH11 THnOBH Ha Haota­
nHWTa (PA,IlOCARflEBHK H Jlp., 1982; J>EJlt.{HK, 1986; 3APHK II np., 1991, H np.). 
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TAIiEIlA II COJlPlKHH8 H8 eJ1eMeHTHTe 80 r 8JleHHTHTe 011 H80tanHWTeTO 
roneM8 Pen (no rIT) 
T ABELA 11 Contet of elements in galcnas rrom GolcmD Rcka deposit (in gil) 
PeD,. MecTO no Kane 
6poj ce 3eMCIIH PbC % Ag Zn Cd Cu Co Nl Fe In Bi 
np06HTC 
1. 994-9 85.41 1000 30 76 56 - 6 400 - H.O 
2.994-9 85.89 1900 194 71 32­ 5 3 112 - 11.0 
3. 9'J4-9 83.65 364 BOOO 124 504 3 6 268 - 78 
4. 994·9 86.13 400 472 50 11 - 3 354 - 11.0 
5.994·18 85.03 192 5800 103 13 4 5 214 
-
4200 
6. 994-18 85.52 361 440 95 37 5 5 232 - 11.0 
7. 994-18 84.80 250 1108 92 9 4 4 173 
-
1-1.0 
8. 994·18 83,74 369 144 163 320 3 5 280 - 11.0 
9.950+14 84.64 354 476 82 5 2 6 224 
-
3100 
10. 950+14 85.80 298 84 94 2 5 4 98 
-
640 
II. 994·27 85041 548 582 76 292 3 7 88 - 112 
12. 994-35 85.52 626 2080 87 496 2 5 92 
-
232 
13. 994-35 85.74 524 194 77 31 5 8 55 - 11.0 
14. 994·35 85041 500 180 69 206 5 7 110 - Ir.o 
15. 994·35 85.76 572 3)00 44 36 4 3 H.O 3 25 
16. 994-35 85.19 294 7800 110 45 6 7 H.O - 23 
17" 950-0 85.90 371 43 71 30 3 5 35 - H.O 
18. 950-0 84.41 331 520 109 134 2 7 50 
-
H.O 
19. 950·2011050 86.04 620 60 77 40 5 1 H.O 2 551 
20. 950-40K 85.94 390 2500 40 47 5 7 H.O 3 38 
2l. 900-0 83.81 332 14160 U8 122 - 4 240 - .1.0 
22. 900/B-444 86.04 520 2200 66 208 8 7 n.o 3 33 
23. 830-0 85.08 210 220 107 33 4 4 210 - H.O 
24. 830-0 86.02 356 77 66 160 2 5 481 
-
11.0 
25. 830·0 83.98 374 960 122 322 6 9 278 
-
H.O 
26. 830-011325 85.94 520 60 67 44 6 5 Ii.O 4 1740 
27. Par.m3/1200 85.33 360 - 45 1.30 2 3 H.O 4 150 
"28. 950·011400 n):l 85045 340 9600 102 180 6 4 RO 2 9 
29. 950-011400 rp 85.04 280 1760 75 280 6 5 H.O 3 10 
30. 944-0/6 1l.0 344 - 114 480 8 4 - 1 5 
31. 994-1 85.59 444 22 90 96 
-
4 11.0 H.O 11.0 
32. 994-2 85.92 256 8400 124 
-
40 6 4200 H.O I~.O 
33. 994-3 85.96 2000 100 68 40 
-
6 210 1-1.0 11.0 
34. 994-4 85.29 470 5000 98 130 4 39 520 H.O H.O 
35. 950-16/1475 86.20 370 200 70 
-
13 7 81 -4 84 
HATIOMEHA: AHBJlI1JHTe ce pa60Te~IH BO XeMl1CKan na60paTopHja H8 noc 
PYAHHIUf "Cacs" (aTOM. ancopmtHja) A11aJIH1Wlap:):l. HBAIIOBCKA 
3roJIeMeHHTe CO.npmH:HH Ha Zn, Cd, Fe H Cu DO HcnHTyoaHHTe 
raneHHTH .noata KaKO pe3YJITaT Ha MHKponpopacHyoalb3Ta Ha c<panepHT, 
M. Aleksandrov T. 
Koe HeWTO e COrJIe.naHO 
H K06anTOT, KaKO H H 
JIaTa 3a raJIeHHTH O.n 
.nHjapHH .nO KHCeJIHHH 
Bo HCnHTY03HHTe 
30H3, YTBp.neHH ce 
TH, a .n06HeHHTe 
HOCTH Ha )I(eJIe30, 
QHja Ha raJIeHHTHTe. 3a 
HH (> 4% Fe) o.nrooapaa 
3a c<j>anepHTHTe, THe .nO 
MHKponpopacHyoalbaTa H 
Ha c<j>aJIepHTHTe o.n Mapr 
nHpHTHTe H nHpoTHHHTI 
pe3YJITaT Ha noroJIeM 6pc 
Ha <j>H3H'IKO-XeMHcKHTe Y 
HJIH o.n eoeHryaJIHOTO I' 
MO)l(HH ce H npOQecH Ha I 
Ha .neJI o.n )I(eJIe30TO. 
TIoKpaj )I(eJIe30TO, C 
Te, co OHCOKH Co.nP)l(HHH 
DO 6JIHCKa reoxeMHCKa op 
OHCOKH CO.nP)l(HHH .noata~ 
XaJIKOnHpHT DO c<j>aJIepJ.­
nOOHCOKOTeMnepaTypHal 
ce HCTaKHaT 3roJIeMeHH I 
r/T) , KOj, DO cnope.n6a cc 
peOH, ce HJIH npH6JIH)I(H 
6a3a Ha no.naTOQHTe Ha x 
)I(HHH Ha HH.nHYM DO ooa 
OpCK3 H CO )I(eJIe3eCTHTe c 
H n"HpOTHH, 6H.nejKH, Ka~ 
.np. (1960), TaKOHTe c<l>aJl 
HOCHOCTa Ha nOJIHMeTam 
HHTe CO.nP)l(HHH H3 Ph H 
7 M. Aleksandrov T. Serafimovski: Asocijacija na e1emcntite 
Koe HeWTO e cOrnenaHO M non pyneH MMKpOCKon. COnp)l(MHara Ha HMKenOT 
H K06a.nTOT, K3KO }I HHBHMOT Metyce6eH OnHOC, ce BO p3MKHTe Ha HopMa­
naTa 3a raneHHTH on XJ.1.llpOTepMaJJHIi HSOtSJlIIWTS nOBp33HM 3a MHTepMe­
.!lHjapHH .ao KHcenHHH cy6BYJIKaHCKH KOMflneKCM. 
Bo J1CnHl)'BaHHTe ccpanepHTH (33 aHaJllUIl), CHTe on npBSTa pynHa 
30H3, YTBP.aemf ce 3roJTeMeHM CO.aP)I(HHH Ha noroneM 6poj M}u<poeneMeH­
TH, a n06lieHliTe peJYJTTaTH ce npHKa)l(3HH Ha Ta6ena m. ITOce6HO HH,LtIi­
KaTHBAH ee BHCOKHTe COllP)I(HHlf Ha >KeJTe30, KOH ce ;lUJI1)1(aT BO rpaHJru.HTe 
O.!l 0.93 no 13.43% HJTM cpenHo on 5.97% Fc, WTO HeocnopHo npeTCTaBYBaaT 
BHeOKl1 eOnp>KHHFf, KOFI ce KapaKTepMCTIf'lHI1 3a CMBOTeMHMTe 11 TeMHHTe, 
O.!lHOCHO M3PM3TMTcKMTe TllnOBH H3 c4>aJTepJITII HJlIi )f(eJTeJeCTH e4>aJTepH­
TH (JlOllPonOJDCKAJA '" )lP.,1991). C!j>a.nepMTHTe, KOM COnp)l(aT HHCKJI Bpe,ll­
HOCTH Ha )l(eJTe30, Haj'lecTo onroBap3n H3 KJTeo4>aHllTe liJTM ce BO acoUMja­
UHja Ha r3.neHIITliTe. 3a p33JIHK3 0.11 HHB, ecp3JlepunlTe co BHCOKM COnp)KM­
HM (> 4% Fe) o.aroBapaaT fJlaBHO H3 nOBllcOKOTeMnepaTypHuTe, OnHOCHO 
Ha c¢anepHTMTe on MapM3TMTCKH TMn H Haj'lecTo ee BO acoUHjauuja eo 
nHpHTIITe n nlipoTHHI1Te. BaKBllTe COnp>KHHr1 Ha Fc BO ccpaJTepMTMTe ce 
pe3yJITaT Ha noroJTeM 6poj 4>aKTopn HO no OCHOBa noataaT on npoMeHaTa 
Ha ¢M3M'IXO-XeMl1cKl-lTe YCJlOBH DO npoueeOT Ha HerOBaTa KpaCTaJ1l13aUllja, 
HIDI 0.11 eBeHTY3JlHOTO HeroBo o.nnara}i,e BO J-1epaMHOTeJKJ-IM YCJTOBH, a 
MO)l(RI1 ce Ii npoueCli Ha npeKpMCTa.rIH3aUMja BO KOM .aoata.l10 UJHeCYB3}i,e 
Ha .!len on )l(ene30To. 
ITOK'paj lKeneJOTO, o.a KapaKTepnCTWlHIfTe eneMeHTM 3a cQ>a.riepHTH­
Te, co BHCOKH COnp>KHHH ce KapaKTepli3HpaaT Cd (0.3-0.8%), KOj ce Haota 
BO 6mlcK3 reoxeMHCK8 DPCK3 co c<panepHHrre nOToa Cu (0.08--1.9%), '1I1H 
BMCOK" CO.aP)I(HHM noataaT KaKO peJYJTT3T H3 eMYJT3J10IllfTe BKJTy<lYBa}i,3 H3 
xanKomrpllT BO c4>arreplfTl-lTe, KaKO 11 Co H Ni KOI-' HH.llm.1HpaaT e.llHa 
nOBHCOKOTeMflepaTypHa reOxeMIlCKa acouHj aUHja OB.I1e noce6J-10 Tpe6a Jla 
ce HCTaKHaT 3rOneMeHH H HHTepeCHH COllP)l(HHM Ha MH.Q11YM (on 5 .ll0 89 
r/T), Koj, BO cnope.Q6a co .apyrHTe Haota.nHWTa on OCOroBCKMOT py.aeH 
peOH, ce HJlJ1 npH6JT1I>KHM (TopaHHua) HJIH M3JIKY nOBI1COKII (PYCH, BpJ 
6a3a Ha n0.l13TOUliTC Ha XPHCTOBA H ECKPJiJ\3H. 1981). 3rOJTeMeHI1Te conp­
)l(HHH Ha ~1H.QHyM BO OBa HaotanHlllTe BepoJaTHO rpe6a lla ce .aOBe.QaT BO 
BpCKa M co )l(Cne3eCTHTe CQ>a.riCPFfTl1 KOH COllP>KaT eMYJT3IDf Ha X3JlKOnHpHT 
H nHpOTl-lH, 611llejiH KaKO nrro IIcTaKH)'Ba AII)lEPCOH (1959) H HBAHOB H 
.llp. (1960), TaKBHTe c4>a.nepHTli npeTcTanYBaaT IIHllHKaTopH Ja IIHllMjHO­
HOCHOCTa Ha nOnHMeTa.nHHTe H30t3JlHll1Ta liTO cc OllHccyoa no Jro.neMe­
HHTe co.np>KJIHH H3 Pb HAg, KaKO eJIeMeHTH KOH He ce KapaKTepHCTM'IHM 
3a c¢anepHTMTe, Tile noataaT K3KO pe3ynT3T Ha MHKpOBKnY"YBaH.aTa H 
MHkponpopaCHYBa}i,3Ta Ha c4>a.nepHT BO raneHI1Tlrre. 
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TAJifJIJ\ 11\ C0.l1PlKHII3 "3 cneMCIITHTC DO cljlnJlCpHTHTC On 1130taJlHWTCTO 
fOJlCM3 l'eK3 (00 r t r) 
TABLE m Content of clements in sphftleriles from Golemn Rcka deposit (in g/t) 
Pcn. 
opoj 
MCCTO .110 Kane 
CC 3CMCIIH 
np0611Te 
Fe% In Cd Cu Co Ni Pb Ar Bi 
1. 994/1 0.93 33 8180 1101 700 7 2160 12 H.O 
2. 994/of2 6.85 5 4080 4600 67 32 712 18 to 
3. 994/1l/3 8.10 10 4180 5400 124 30 1524 23 20 
4. 994/0 (4) 2.70 8 4660 1I20 85 12 5120 32 11.0 
5.994·9/3 3.12 14 4240 654 120 36 4940 37 11.0 
6. 994-9/6 4.05 76 5660 12860 25 26 880 37 11.0 
7. 994­9n 9.62 21 4460 19280 94 47 395 58 11.0 
8. 994-'J/9 6.24 22 4060 12720 112 33 3320 72 H.O 
9,994-9 7.14 7 4010 5000 1L3 32 1195 55 8 
10. 994·18/10 7.64 26 4400 1700 136 25 6200 34 11. 0 
II. 994·18/JI 3.82 48 3920 4420 376 34 25 1 30 11.0 
12. 994·18/l3 4.47 12 3620 850 92 28 1616 160 H.O 
13. 994·18/J 6 8.15 48 3760 3670 160 48 3020 38 11.0 
14. 994·18/18 3.91 30 4160 4160 148 24 2800 28 11.0 
15. 994·18 7.64 34 3820 5540 140 34 920 40 " .0 
16. 994·18 2.93 18 4110 4240 142 )4 402 6 30 
17. 994·27/19 10.43 10 3400 1780 20 40 8000 64 11.0 
18. 994·27/14 9.32 9 3980 5220 54 34 3530 84 11.0 
19. 994-35/18 6.01 7 3280 7570 56 35 1726 97 H.O 
20. 994-35/20 9.73 50 4900 5500 45 29 ]208 26 H.O 
21. 994-35/21 5.64 54 5040 5200 25 25 1612 48 H.O 
22. 994·35[22 4.05 42 4540 2980 164 25 2632 48 H.O 
23. 994-35 3.82 21 4540 1860 112 18 1486 21 40 
24. 950/24 8.90 8 4240 7060 62 33 6070 65 11.0 
25. 950/20 6.85 4 421i0 6160 17 31 2240 62 11.0 
26. 950/1400 5.10 15 3540 12500 140 28 1980 30 ] 
27. 950/1400 4.46 16 441i0 9100 160 26 2050 24 11 
28. 950. 8/1 2.30 34 4980 3100 150 19 790 20 4 
29. 900/444 E 7.84 77 4620 6300 180 33 2340 56 14 
30. 900/1 7.46 11 4400 4060 III 30 1266 23 11.0 
31. 830/1 4.93 89 4730 840 81 17 1552 13 11.0 
32. 830f2 7.1 7 4S 41 60 10260 86 28 2844 37 H.O 
33. 830/3 5.87 6 4520 5260 64 27 500 3S 11.0 
HAnOMEHA: Allam1311Tc cc pa60TCIIH 80 XC~{HCK8Ta Jla60paTopllja lJa noc 

Py.nIIlIUH "Caca" (MCTo.na: 8TOMCJ\a ancopnlllJj:t) AIIJlJ1HTIJ'lapH: .u. HDAIIODCKA H 

lb. KOCTNlH I~08A 
M. Aleksandrov T. "A.,~...~n. 
npeTe)l<HO co BHCOKH 
JIHWTe. TYKa npen ce 
H HaMeCTa Bi, KaKO 
In H np., THnH'IHH 3a 
BaaT pa3JIH'IHO. On 
TH BO XaJIKOnHpHTHTe 
Batba H Metyce6HHTe 
c<t>aJIepHTHTe. On npyra 
H3)lBojYBatbaTa Ha eneH 
}be), KaKOS WTO e 
c<t>aJIepHT BO XaJIKOn 
6poj Ha eJIeMeHTH, 
XaJlKOnHpHTHTe, OC(lOe:HI 
KapaKTep. 
TAGETlA IV CO.nPlKHI 
TABLE IV Contet of c 
MecTo .no Ka.nePen. 
Pbce 3eMeHH6poj 
np06HTe 
38001. 994-0/3-2 
29002. 994-0/2 
9003. 994-0/1 
9004. 994-9/5-2 
8800S.994·9n-4 
48006. 994-18n 
24007. 994·18/9-2 
18008. 994-18/10-2 
88009. 994-18/13 
3000994-35/19-210. 
910011. 994-35/18 
960012. 950·0/21·2 
830013. 950-0/22-2 
1560014. 950-0/23-2 
1050015. 950-0/1400 n.u 
840016. 900 (0.444) 
280017. 830/4-2 
9 M. Aleksandrov T. SerafLmovski: Asocijacija na elementite 
Co cnpOBelleHHTe HCnlUYBaH>a ce H3BpweHH H aHanH3HpaH>a Ha 
MOHOMHHepaJlHH npOOH Ha XaJ11(Omfpl1T, a .o.OOHeHHTe pe3ynTaTH ce npH­
Ka)f(aHH BO Ta6ena IV. Oll npHnO)f(eHaTa Taoena ce rne.o.a .o.eKa BO HcnHTY­
BaHHTe xanKOmtpHTH e KOHcTaTHpaHa acollHjauHja Ha eneMeHTH (H TOa 
npeTe)f(HO co BHCOKH Co.nP)l(HHn) Koja e THDH'iHa 3a e,uHO Pb - Zn Haota­
nHWTe. TYKa npe.o. ce Tpeoa .na ce HCTaKHaT BHCOKHTe CO.np>KHHH Ha Pb, Ag 
H HaMeCTa Bi, KaKO eneMeHTH KapaKTepJ.icTH~IHH 3a raneHliTHTe Ii Zn, Cd, 
In H .o.p., TlinH'IHli 3a c<I>anepHTl1Te. BaKBHTe OllHOCH MO)f(aT lla ce TonK)'­
BaaT pa3nH'IHo. Oll e.o.Ha cTpaHa 3ron eMeHHTe COllP)f(HHH Ha OBHe eneMeH­
TH BO xanKOlll lpHnrre MO)Ke lla ce pe3ynTaT Ha MHpMeKHTCKHTe npopacRY­
BaH>3 H MetyceoHHTe BK~yBaH>a nOMery ran eHlHHTe, XaJIKOnHp"ntTe Ii 
c4>anepHTHTe. Ollllpyra CTpaHa, n aK, llen Oll THe COllP)l(HHH ce pe3ymaT Ha 
H3D.BojyoaH>aTa Ha e,ueH MllHepan BO D.pyr (MHXpOCTPYKTYPH Ha H3D.Bojyoa­
Hoe), KaKOB WTO e CnY'lajoT Ha H3llBojYBaH>e Ha SBe:lD.1i 11 CKeneni Ha 
c4>aJIepHT BO xanKOnHplIT. MerYTOa, Tpeoa 113 ce HCTaKHe lleK3 OllpelleH 
6poj Ha eneMeHTH, KaKO UITO ce In, Au, Ag, Se, ce 'lecnt npHD.PY)fCHI1UH H3 
XaJIKOnHpHTHTe, ocooeHO Kora ce pa60TU 3a HaOraJUilllTa co nOJUfMeTaneH 
KapaKTep. 
TAIiEJIA IV CO.llp>KHlla H3 eneMellTH 00 JmJlKOn~lpHTH're Oll H30tanllWTeTO 

rOlTeM3 PeK8 (no r/T) 

TABLE IV Conl.Clt ofelcmenls in chalcopyrite from Golema Reb deposit (in gil) 

Pen. 
6poj 
Mec-ro 110 Kane 
celCMeHH 
np06HTe 
Pb Zn Ag Bi Cd In Ni Co Au 
1. 994 ·0/3-2 3800 3200 54 75 61 18 99 52 H.O 
2. 994-0/2 2900 3300 88 82 60 21 110 94 0.1 
3. 994 -011 900 8900 260 65 114 15 105 50 H.O 
4. 994·9/5·2 900 6100 236 62 90 17 108 50 <0.1 
5. 994-9n-4 8800 7000 121 86 110 32 120 108 <0.1 
6. 994·18n 4800 2600 ,0 119 58 28 119 113 H.O 
7. 994-18/9-2 2400 4200 226 69 76 34 i 26 72 <0.1 
8. 994-18/10·2 1800 7500 420 52 72 16 142 123 <0.1 
9. 994-18/13 8800 6300 274 119 60 24 82 60 H.O 
10. 994-35119-2 3000 8600 256 60 81 28 105 262 1.14 
11. 994-35/18 9100 8900 274 67 72 22 120 70 H.O 
12. 950-012\-2 9600 5800 158 548 54 18 80 120 0.24 
13. 950-0/22-2 8300 5600 227 446 54 22 90 124 3.52 
14. 950-0/23-2 15600 21400 216 134 194 20 84 70 H.O 
15. 950-011400 n,ll 10500 8300 94 66 88 18 56 64 ~1.0 
16. 900 (1i444) 8400 9500 346 67 97 22 70 SO ~I_O 
17. 830/4-2 2800 4400 133 300 67 26 86 98 6.0 
o 
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TAEfJIA v ConplKHH3 113 eJ1CMeIlTHTe BO nHpHTHTe on lIaotanHlIlTCTO 

r oneMO PCKO (BO r/T) 

TABLE V Contet of elements in pyrites from GOrCffia Reka deposit (gIl) 

PeD,. 
6poj 
MecTo on KOAC 
ce :JeMClIJf 
np06HTe 
Pb Zn Cu Ag Bi Cd In Co Ni 
1. 994-0/1260 2600 6000 560 4 78 36 22 62 120 
2. 994-0(2 2200 2000 3100 20 76 18 20 42 lOB 
3. 994-9/p-8 600 400 130 2 80 4 22 180 110 
4. 994-18/1250 1900 3100 58 2 106 26 6 48 104 
5. 994-1811200 2200 11.0 74 4 102 38 6 50 106 
6. 994-18/p-l1 4600 3100 380 4 82 22 14 3S 128 
7. 994 -27/4 700 3200 SO 2 102 24 4 130 110 
8. 994-27/6 1100 11.0 132 2 102 46 8 106 114 
9. 994-27/1360 850 11 .0 ISO 6 100 62 6 94 142 
10. 994--27/14 . 1400 6500 340 4 88 98 J8 42 104 
11 994-27/14--"2 4200 6200 550 4 90 42 24 224 122 
]2. 994-27/15 4600 6200 110 4 90 64 18 136 96 
13. 994-35(21 2500 1600 120 2 100 16 4 ]62 114 
14. 994­35/U-3 470 11.0 230 2 100 34 2 68 112 
15. 994-35/17 3700 1200 270 4 88 10 18 48 98 
16. 994--35/18 10900 6100 820 10 78 58 22 130 282 
17. 994-35(21 4300 6000 840 6 84 36 18 36 176 
18. Pa~lIla 950-8 600 700 110 2 98 10 4 92 116 
19. Pa~m8 J<-lKHua 2100 2800 220 12 100 22 2 J64 116 
HAIIOMEHA: AllonH3HTc cc pa60TH BO xeMHCICa nn60paTopHja 113 noe PYnHRU~1 
"Caca", MeTOlla: aTOMcko ancopnUHja. AlI8nlfTH'fapli: n. HIlAHODCJ<A H JIi. KOCTA­
)ll1JIOBA 
Bo HCnHTYBaHHTe n HpHTH (19 aHaJIH3H) YTBplleHHTe OllHOCH Ha 
eneMeHTHTe ce 1l0CTa CJIWIHH co THe Kaj xanKOnHpHTHTe H ,apyrHTe 
HcmnYBaHH MUHepamf, a 1l06HeHHTe peJynTaTH ce npHK3>KaHH Ha Ta6ena 
V. HMeHO, Ii OBlle co 3roneMeH"H COllP)l(llHH ce jaBYBaaT Pb, Zn, Cu, Bi , Cd, 
In, Ni , Co Oll KOH HajroneM lleJl ce eneMeHTH KOH ce KapaKpenICTH'lHH 3a 
X.HllpOTepMaJIHHTe Pb-Zn HaotarrHwTa 
3A J<Jl Yt.fOJ< 
Ollllocera H3HeceHOTO MO)l(e lla ce JaKnY"IH neKa BO HcnHTYBaHHTe 
MOHOMllHepaJIHH np06H Ha raneHHTH, cltlaJIepHTH xanKonHpl1TH It nHpH­
TI1 Oll onOBHO-l.lHHKOBOTO HaotaJIHlllTe rOJleMa PeKa e YTBplleHa cnO)l(eHa 
H HHTepecH3 reoxeMHCKa aCOl.lnjal.ll1ja H3 eneMeHTH KaparrrepHCTJ1'I Ha 3a 
HaOraJIHWTa Oll BaKOB THn. 
M. Aleksandrov T. c;:..,·.. fi,m~ 
nOCTOeli>e Ha 
HDHT)'BaH>a e H 
Bo XaJlIKOrIHpHH11TJ 
Ag, Bi, In H Cd 
8HCOKHTe COllP)I(HHH 
DpHllPY)I(eHH co 
YKa)l(ysaaT lleKa Hcn 
llMeHH H Ha nOBHCOKH 
3a noce6Ho 01l6e 
CHTe HcnHTYBaHH MHHer: 
H Co 80 nHpHTHTe, xenK 
11 M. Aleksandrov T . Serafimovski: Asocijacija na elcmcntite 
Bo HCmfTYBaHHTe raJIeHHTH noce6Ho Tpe6a ,oa ce HCTaKHe KOpeJIa­
THBH3Ta BpCKa nOMefy Ag, Sb H Bi KOH OB03MO)l(ynaaT ,oa ce o,oeJIaT HeKOJIKY 
reHep3UHH H3 raneHHT, KaKO H BHCOKHTe CO,oP)l(IDfH Ha Ag KOH BO o,ope,oe­
HH np06H ,oOCTHrHYBaaT H .00 HCUl 0.2%. 
Bo C¢3JlepHTHTe noce6Ho HHAHK3THBHH ce BHCOKHTe CO,oP)l{HHH Ha 
lKeJIe30 (H,oO 10% Fe) KOH ce KapaKTepI1CTl-f'IHI13a BI1coKoTeMnepaTypHHTe 
npeTcTaBHHUH 0.0 mnOT H3 M3pMaTHTHTe H Hae,oHO ce HH.rn-IJ<aTopH 3a 
nOCTOeH>e H3 3roJIeMeHH CO,oP)KHHH Ha HHAJ1YM, nuo co cnpOBeAeHHTe 
HmfTyaaH>a e H nOTBp,oeHO. 
Bo XaJlKOnHpHTHTe 3a o,o6eJIe)l(YB3l-be ce 3roJIeMeHHTe CO,oP)I(HHH Ha 
Ag, B i, In H Cd KOH yrr3ryoaaT H3 KOHcr3r3Ullja ,oeJ<a CTaHYBa 360p 3a 
XaJlKOnHpHTH 0.0 nocTapa reHepauuj a, HaCTaH3TH Ha nOBHCOKH TeMnepary­
pH. 
Bo .neJl 0.0 HcnHT}'BaHHTe IDfPHTH noce6Ho Tpe6a ,oa ce HCTaKHaT 
BHCOKHTe CO,oP)KJIHH Ha 3pceH, KOH HaMeCra ,ooCTHrHYBaaT H .00 0.5% As 
npH.apY>KeHH co 3roJIeMeFfH CO.nP)I(ltHH Ha Sb H Sc. BaKBJ.1Te O.nHOCH 
YKa)l(yoaaT ,oeKa HcnHT)'BaHflTe nrfpHTH ce o.n no,oOUHHTe reHepaURH C03­
.na.neHH H H3 n OBHCOKH TeMnepaTypH. 
3a noce6Ho o,o6eJIe)l(yoatbe e YTBp,oeHoTo npl1cycTBO Ha 3JIaTO BO 
CHTe HcnHT)'BaHli MHHepaJIH H 3roJIeMeHHTe H nocTojaHH CO,oP)l(HHH H3 Ni 
H CO BO nHpHTHTe, XeJ1KOmlpliTHTe H c<iJ3JIepHTHTe. 
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SUMMARY 
ASSOCIATION OF ELEMENTS IN TIlE LEAD-ZINC DEPOSIT 

GOLEMA REKA (Sasa Mines) 

Marin Alcksandrov lind Todor SeraflmovskJ 

"sasa" - M. Kamen/ca 

Faculty or M/nlng and Geology - SUp 

The lead-zinc deposit Golema Reka is part of Sasa orc field and is located in 
its southern parts. Investigations and eltaminations of this ore-bearing locality have 
continuously been made since 1971 and its exploitation started in 198L 
Investigations continued during the phase of exploitation, while only the 
main ore metals were treated during the laboratory examinations. Mkroclements 
have not been sufficiently found out. With the latest laboratory examinations (done 
by the use of Instrumental nelltron activation and Atomic absorbtion) spccial 
attention was paid to the distribution of microelements in the monomineral 
fractions in the commonest sulphide minerals (galena, sphalerite, chalcopyrite, 
pyrite) in the deposit. All this determined a complex and intersting geochemical 
association of clements which is basically typomorphic for deposit of such type. 
We should point out tJle correlation between Ag, and Bi in the examined 
galenas which faemtate to distinguish several generations of galena as well as the 
high contents of Ag which, in some assays, reach to above 0.2 %. 
The high contents of iron (of up to 10% Fe) in me sphalerires are rather 
indicative which is a characteristic for me high temperature representative of 
marmative type. At the same time they arc indicators for the existence of larger 
contents of indium which was proved by the completed examinations. 
We should also point out the larger contents of Ag, Bi and Cd and 
cha\copyrites which leads to the fact that they arc chalcopyrite of older generation 
formed at higher temperatures. 
We should also mention the high contents of arsenic in the eltamined pyrites. 
At some places they reach up to 0.5 % As accompanied by increased contents of 
Sb and Se. These relations point out that the examined pyrites are of older 
generations which were also formed at lower temperatures. 
We also determined presence of gold in all examined minerals as well as 
increased and constant contents of Ni and Co in the pyrites, chalcopyrites and the 
sphalerites which contribute to the more adequate interpretation of the conditions 
about the individual mineral phases, associations and parageneses. 
M. Alcksandrov T. 
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